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Cote d'lIvoire, the world's largest producer of cocoa, is not outside the constraints linked to this crop. In
addition to diseases like swollen shoot, certain bio-aggressors such as termites wreak havoc in cocoa trees.
The objective of this study is to evaluate the yield loss linked to termite attacks on cocoa trees in different
agroforestry systems. Yield was evaluated by selecting ten (10) infested and ten (10) non-infested cocoa trees
in 30 m x 30 m quadrats installed in each plot. Agronomic parameters such as the number of pods per cocoa
tree, the average mass of cocoa pod, the average mass of fresh cocoa beans in a pod and the average number
of cocoa beans per pod were determined. Results show that the quantity of marketable cocoa varies between
the different agroforestry systems. It is higher in full sun system (801.83 kg / ha) and lower in the shaded
system (407.88 kg / ha). The estimation of the yield of healthy cocoa trees and infested cocoa trees makes it
possible to clearly distinguish a difference between the yields. Termite infestations could have an effect on the
yield of marketable cocoa. The search for methods to control these termites is therefore imperative.
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INTRODUCTION

The cocoa tree (Theobroma cacao L.) is cultivated for its beans and
has a botanical origin in the rainforests of tropical America, where it
occurs naturally (Braudeau, 1969). Cultivated for commercial
purposes, Theobroma cacao belongs to the Malvaceae family. The
Theobroma genus comprises twenty-two species, the only
commercially cultivated species of which is used to prepare chocolate
or extract cocoa butter (Mossu, 1990). In Céte d'Ivoire, cocoa is
grown mainly in the forested southern half of the country (Assiri,
2010). With production of about 2 million tons for the 2023-2024
season (FIRCA, 2024), cocoa cultivation is a major source of income
for thousands of small farmers in rural areas (Tano, 2012).
Contributing more than 15% to the gross domestic product
(Dufumier, 2016), cocoa cultivation plays a key role in the Ivorian
economy and is therefore a strategic agricultural product for the
country. However, many constraints threaten the sustainability of
cocoa farming in Coéte d'lvoire (Assiri, 2007). Most of these
constraints are attributed to the land use strategy, to which must be
added crop losses due to disease, insects, birds, bats, squirrels,
monkeys, rats and other pests. Increasingly perceived as an agent of
deforestation (Bhagwat et al., 2008; Gnahoua et al., 2012), cocoa
cultivation in Cote d'Ivoire has switched over the years from a shaded
system to full sun system in order to increase its yield (Keli et al.,
2005). This involved cutting down the forest and providing full light
to the young cocoa trees, with food crops as temporary shade. This
type of land use system helped to increase yields and propel the
country to the number one position.

However, full sun system is very demanding in terms of
phytosanitary protection measures and fertilizer inputs to maintain the
system's sustainable profitability (COPAL, 2010). Several studies
have pointed out that full sun systems generate invasion and recurrent
epidemics of emerging pests such as termites (Ives et al., 2000,
Hooper et al., 2005). Termites are social insects belonging to Isoptera
order. They are widely distributed throughout the world, particularly
in tropical, subtropical and semi-arid regions (Eggleton, 2000). In
semi-arid zones, termites are the most active soil macrofauna (Lal,
1988). They account for almost 65% of the biomass of soil fauna
(Goffinet, 1973). Despite the important ecological role they play in
ecosystems, some termite species are considered pests because they
cause damage. In fact, around 200 species of termites have been
identified as pests of food crops, vegetables and industrial plants
(Sand, 1973). Studies have shown that termites are one of the greatest
pests of tropical agriculture and agroforestry (Mitchell 2002). Crop
losses caused by termites are estimated at between 20% and 45%
(Logan et al., 1990; Wood & Pearce, 1991). These insects dig
galleries in the trunk and branches of cocoa trees, reducing the
production potential of the attacked tree. In order to improve
production, and as there are few studies on the impact of termite
attacks on cocoa production, the present study was initiated to
evaluate the effect of termite infestations on the marketable cocoa
yield of different cocoa agroforestry systems.

MATERIALS AND METHODS

Study area: This study was carried out in the Nawa region (5° - 6° N
and 7° - 8° W), specifically in the localities of Takoragui (05° 45' 18"
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N - 06° 47' 30" W), Petit Bouaké (05° 56' 47" N - 06° 47' 30"W),
Bobouho 1 (05° 35'33" N - 06° 01' 53" W) and Gnaboya (06° 04' 31"
N - 6° 54' 35" W) (Figure 1). Located in the south-west of Cote
d'Ivoire, the Nawa region is headed by the town of Soubré, 370 km
from Abidjan, the economic capital, and 130 km from San-Pédro, the
country's second port. This region was chosen because it is one of the
main cocoa-producing areas in Cote d'Ivoire. Nawa region supplies
around 20% of national production (Conseil Café-Cacao, 2013).
Nawa region is located in Guinean forest zone and has a typical
equatorial climate with a bimodal rainfall pattern of two rainy seasons
and two dry seasons. The rainy seasons are generally from April to
June and September to October, while the dry seasons are from
November to March and July to August. Average rainfall is between
1,300 and 1,600 mm/year, with 115 days of rain. Average
temperatures are between 24°C and 27°C and can reach up to 30°C
during the dry season. The vegetation of Nawa region, initially
characterized by dense, humid forest or intermediate evergreen forest,
has gradually been reduced in favor of huge plantations of perennial
crops. The vegetation cover, similar to Tai National Park (536,000
ha), is now subject to abusive clearing by local population, as well as
industrial purposes exploitation. Generally, almost all soils in the
study area belong to ferralitic soil class. They are characterized by a
great thickness (from 10 to 40 cm) and by a texture varying between a
texture varying between clayey silt and silty sand (AGEROUTE,
2013). Deep and permeable, these soils are generally well suited to all
types of food and industrial crops.

Figure 1. Location of the study area

Characteristics of the studyplots: The study was carried out on
sixteen (16) cocoa farms in production in four localities. Four plots
were chosen per locality, and each locality represents a cropping
system. The plots were chosen on the basis of very specific
characteristics. The plots ranged from full-sun systems to shaded
systems and intermediate systems. The age of the plots varied from
less than 5 years to 40 years. The cocoa farms were family-run and
varied in size. The full sun system was selected in the Takoragui
locality. In each plot of this system, four quadrats (30 m x 30 m) were
installed. In this system, the number of shade trees within the quadrat
was less than five, giving an equivalent of less than 56 trees per
hectare. The locality of Petit Bouaké is represented by intermediate
system 1, which lies between the two extremes, i.e. between full sun
system and shaded system. This system was characterized by shade
trees which between five and six per quadrat, equivalent to 56 to 67
trees per hectare. Bobouho 1 represents intermediate system 2. Like
the first intermediate system, the second intermediate system is also
between full sun system and shaded system. The difference is in the
shade, which is closer to shaded system in the second intermediate
system, whereas the first intermediate system is closer to full sun
system. In this second intermediate system, the number of shade trees
was between seven and nine per quadrat, i.e. between 78 and 100
trees per hectare. The Plots of shaded system were selected in the
locality of Gnaboya (V4). In this system, the number of shadetrees
in the quadrat was greater than or equal to 10 trees, i.e. a number of
shade trees greater than or equal to 112 trees per hectare.

Data collection: Three varieties of cocoa are grown mainly on the
plots in the study area. These are the 'French variety' (Amelonado),
'Ghana variety' (Forasteros) and 'Mercedes variety' (Hybrid). The
'Ghana' variety is still the most widely grown in the plantations.
Given its dominance, 'Ghana variety' was chosen in each plot to
measure agronomicparameters. In each cocoa farm, four quadrats (30
m x 30 m) were installed. Sixty-four quadrats were collected in the
four localities, with sixteen quadrats per locality. Yield was assessed
by selecting ten infested and ten non-infested cocoa trees in each
quadrat. On either side of the cocoa trees selected, three pods were
taken from each cocoa tree and agronomic parameters such as the
mass of the cocoa pods and the number of pods per cocoa tree were
measured. The cocoa pods were then shelled and the mass of fresh
cocoa beans and the number of cocoa beans per pod determined. To
determine the yield, the cocoa beans from infected cocoa trees were
separated from the cocoa beans from healthy cocoa trees and weighed
separately. The potential marketable cocoa yield (Rdtcm) was
estimated according toequation:

Rdtem (kg) = (Nbcab x Pdfx Ct) x d

Where,

Nbcab: average number of cocoa pods per cocoa tree,

Pdf: average weight of fresh cocoa beans per pod (kg),

Ct: transformation coefficient weight of fresh cocoa beans/weight of
marketable cocoa

d: number of cocoa trees per ha.

The fresh bean weight / market cocoa weight transformation
coefficient (Ct) is a variable considered to be constant (Braudeau,
1969; Lachenaud, 1984). The value of 0.35 was chosen (Lachenaud,
1984).

Statistical analysis: To assess possible variations between infested
and non-infested cocoa trees, and cocoa trees under shade and without
shade, comparison of means tests were used. Analysis of variance
(ANOVA) tests were applied to agronomic parameters. The Tukey
and Newman-Keuls multiple comparison tests were used to identify
differences. For data not showing normality or homogeneity, the
Kruskal-Wallis test was used; the significance level p = 0.05 was
retained. Statistica 7.1 software was used.

RESULTS

Average number of cocoa pods per cocoa plant per plot according to
shadesystem: Depending on the health of the cocoa tree and the type
of cocoa, the number of pods differs from one agroforestry system to
another (Table 1). In the full sun system, the average number of pods
per cocoa tree in the four plots varied from 13.91+1.54 to 9.87+1.58
for healthy cocoa trees and from 13.66+2.25 to 9.16+1.21 for infested
cocoa trees, with no significant difference. No significant difference
was observed in the average number of cocoa pods per cocoa tree in
the first intermediate system. In the second intermediate system, a
significant difference was observed in the average number of cocoa
pods per cocoa tree for healthy cocoa trees. The average number of
pods varied from 14.16+1.65 for plot 4 to 8.58+0.69 for plot 1, with
significance at p = 0.011. In the shaded system, no significant
difference was observed in the average number of cocoa pods per
cocoa tree among healthy cocoa trees. There was a significant
difference between the average numbers of cocoa pods per cocoa tree
in infested cocoa trees. This average number varied from 10.87+2.03
(plot 1) to 5.29+0.69 (plot 3) (p = 0.009).

Average weight of cocoapod: The average mass of healthy cocoa pod
varied significantly (ANOVA, p = 0.001) from 506.69 g to 664.19 g
in the plots of the full sun system (Table 2). It also varied
significantly (p = 0.003) between plots of infested cocoa trees in the
full sun system. There was no statistical difference in the average
mass of the pods on the plots in the intermediate systems, except for
the healthy cocoa trees in intermediate system 2, where there was a
significant difference (p = 0.05) in the mass of the pods on the plots
in this system. In the shaded system, the difference in the mass of the
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pod weight was observed in infested cocoa trees. In these plots, the
average weight of the pods varies between 404.52 g for plot 3 and
514.5 g for plot 1.

Average number of cocoa beans percocoa pod: In the full sun
system, the average number of beans per plot was statically identical
in healthy cocoa trees (Table 3). However, the difference is
significant in infested cocoa trees (p = 0.029) where the average
number of beans varies from 33.81+1.65 to 39.92+1.19. In
intermediate system 1, there was a significant difference (p = 0.003)
in the different plots between the average number of cocoa beans per
pod of infested cocoa trees. In the plots of intermediate system 2, it
was in the healthy cocoa trees that there was a significant difference
(p = 0.016) between the average number of cocoa beans. No
significant difference was observed between the average numbers of
cocoa beans in a pod in infested cocoa trees in the shaded system. A
significant difference was observed in the average number of cocoa
beans per pod in healthy cocoa trees (p < 0.0001) in this system. This
average number of cocoa beans varied from 32.17+1.67 to
40.94+0.98.

Average weight of fresh cocoa beans percocoa pod: The average
mass of fresh beans per pod varied significantly in all shading
systems except for intermediate system 1 and infested cocoa trees in
intermediate system 2, where no statistical difference was found
(Table 4). In the full sun system, the average mass of fresh cocoa
beans in a pod varied from 143.56 g (P2) to 194.97 g (P3) for healthy
cocoa trees. In infested cocoa trees, the average mass of the cocoa
beans varies between 140.22 g and 170.36 g. The average fresh beans
mass of healthy cocoa trees in intermediate system 2 varied
significantly (p = 0.0003) from 116.81 g for plot 3 to 162.36 g for
plot 4. In the shaded system, the difference between the average mass
of the cocoa beans was observed both in the healthy cocoa trees and
intheinfested cocoa trees. The average mass of the cocoa beans varied
from 119.39 g to 152.72g in healthy cocoa trees and from 123.22 g to
151.97 g in infested cocoa trees.

Estimation of production by crop system: The average number of
cocoa pods per cocoa tree varies significantly from one system to
another (Table 5). It is higher in the full sun system (12 pods / cocoa
tree) and lower in the shaded system (8.81 pods / cocoa tree). This
average number of cocoa pods also varied for infested cocoa trees (F
= 14.63, p = 0.0037) (Table 6). It is 7.31 pods / cocoa tree for the
shaded system and11.53 pods / cocoa tree for the full sun system.
However, for healthy cocoa trees, the average number of cocoa pods
per tree did not vary from one system to another. The average mass of
cocoa pod varies significantly in the different agroforestry systems,
regardless of the health status of the cocoa tree. The highest value for
the average mass of cocoa pod (542.47 g) was observed in the full sun
system. The mass of cocoa pod is statistically the same in the
intermediate systems and in the shaded system. In the healthy cocoa
trees, a significant variation in average pod mass was observed. It
varied from 476.53 g for the shaded system to 565.76 g for the full
sun system (F = 9.548, p < 0.0001). The same applies to infested
cocoa trees, where the average mass of coccoa pod varies (F = 14.81,
p < 0.0001) from 420.94 g for the intermediate system 1 to 527.90 g
for the full sun system. The average number of cocoa beans per pod
does not differ in the different agroforestry systems, whatever the
state of health of the cocoa tree. The mass of fresh beans varies from
one agroforestry system to another. It varies from 135.12 g in the
intermediate system 1 to 160.41 in the full sun system. In healthy
cocoa trees, the average mass of fresh cocoa beans varies from 137.66
g to 162.02 g respectively for the full sun system and shaded system,
then from 124.45 g to 159.40 g for the full sun system and for
intermediate system 1 in infested cocoatrees. The quantity of
marketable cocoa produced per hectare was determined by
considering the average density of cocoa trees (number of cocoa
trees/hectare) in each agroforestry system. As the plots are farmers'
plantations, most of them do not respect the density recommended by
the organizations with recognized expertise in the field. Instead, each
producer applies a density according to his own wishes. In the
Takoragui locality (full sun system), the density of cocoa trees is the

highest of all the agroforestry systems, with an average density of
1224.3 cocoa trees / ha. The intermediate systems have average
densities of 1071.52 cocoa trees/ha and 924.3 cocoa trees / ha, for
intermediate system 1 and intermediate system 2 respectively. The
shaded system has an average density of 977.78 cocoatrees/ha. The
average number of cocoa pods, the average fresh mass of cocoa beans
and the average density of cocoa trees in the different agroforestry
systems were used to estimate the marketable cocoa yield of the
different Cocoa agroforestry systems. The quantity of marketable
cocoa produced per hectare in the year varies between the different
Cocoa agroforestry systems. It was highest in the full sun system
(801.83 kg / ha) and lowest in the shaded system (407.88 kg / ha).
However, if we consider the health status of the cocoa trees (healthy
cocoa trees or attacked cocoa trees), the marketable cocoa yield also
varies significantly from one agroforestry system to another. For
healthy cocoa trees, the yield varied (F=5.84; p = 0.011) from 448.92
kg / ha / year for the intermediate system 2 to 860.57 kg / ha / year for
the full sun system. Yield also varied (F = 11.2; p = 0.0008) in the
infested cocoa trees from 339.62 kg / ha / year to 765.04 kg / ha / year
for the shaded and full sun systems respectively. The full sun and
intermediate system 1 recorded the highest yields of marketable
cocoa, while the intermediate system 2 and the shaded system
recorded the lowest yields. Yield estimates for healthy and infested
cocoa trees show a clear difference betweenyieldsin the different
cocoa agroforestry systems. In the full sun system, a yield difference
of 9553 kg / ha or 11.11% yield loss was observed. In the
intermediate systems, the yield loss was 148.5 kg / ha (25.54%) and
96.01 kg / ha (21.38) for intermediate system 1 and intermediate
system 2 respectively. The yield loss in the shaded system was 122.6
kg/ha or 26.52%. For all these plots, the potential marketable cocoa
yield is positively linked to the average number of pods per cocoa
tree. Potential marketable cocoa yield was not correlated with cocoa
tree density.

DISCUSSION

The average number of cocoa pods per cocoa tree varies from one
system to another. It is lower in the shaded system, but higher in the
full sun system. The plant material used is more or less the same in
the different agroforestry systems. This difference in the average
number of cocoa pods could be due to shade. In fact, high shade could
be a cause of the increase in brown rot in the shaded systems. In these
systems, strong shade combined with environmental factors such as
rainfall, high relative humidity and low temperatures create favorable
conditions for the development of pod rot. This result corroborates
those obtained by Kouadio ef al. (2018) who found a low number of
pods in complex cocoa agroforestry systems. For these authors, this
low number of pods is linked to environmental conditions such as the
density of associated trees, which would strongly influence the
productivity of a cocoa tree. Shading modifies the quantity of light,
temperatures and air movements in the cocoa grove and directly
affects photosynthesis, growth and yield of the cocoa tree (De
Almeida & Valle, 2007). Jagoret (2011) observed that the average
number of pods per cocoa tree decreased significantly with the
density of associated trees, the number of associated species and the
density of foresttrees. The results show a significant variation in the
average mass of a pod in the different agroforestry systems. The
variation was observed regardless of the health status of the cocoa
trees. The average mass of a pod is statistically the same in the
intermediate systems and in the shaded system, but it is higher in the
full sun system. The average mass of fresh beans variation follows the
average mass of the cocoa pods. However, the type of Cocoa
agroforestry systems hadn’t influence the number of beans per pod.
The average mass of a cocoa pod would therefore be a function of
fresh beans mass or the mass of the shell of cocoa pod and would not
depend on the number of beans. These two parameters can themselves
be influenced by the type of Cocoa agroforestry systems, the type of
soil and the type of plant material. These results align with those of
Kouadio et al. (2018) who pointed out that the pods produced by
cocoa varieties “Ghana cocoa” are larger than the “French cocoa”
variety pods and produce beans of higher mass.
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Table 1. Average number of cocoa pods per cocoa tree according to the health status of the cocoa tree

pods

Number of cocoa

Full sun system Intermediate system 1 Intermediate system 2 Shaded system
CS CI CS CI CS CI CS CI
Pl | 13.50+1.57 a 11.5+1.76 a 10.25+1.76 a 7.96+1.43 a 8.58+0.69 a 7.71£1.03 a 11.08+1.65 a 10.87+2.03 b
P2 | 1391+1.54a 11.79+1.79 a 10.75+1.66 a 9.91+3.06 a 8.46+1.45 a 7.46+1.28 a 9.54+1.2 a 6.12+0.63 a
P3 | 13.75+2.00 a 9.16+1.21 a 13.28+2.71 a 12.41£1.57a | 10.16£1.23 ab 8.46+1.26 a 6.54+0.75 a 5.2940.69 a
P4 | 9.87+1.58 a 13.66+2.25 a 9.75+1.0 a 7.91+1.06 a 14.16£1.65b 11.58+1.68 a 13.25+2.62 a 6.96+0.75 ab
0.283 0.376 0.559 0.321 0.011 0.124 0.055 0.009

P1: Plot 1; CS: Healthy cocoa trees; CI: Infested cocoa trees. Same letters in a same column show no significant differences (Tukey's post hoc test, at 5% threshold)

Table 2. Average weight of cocoa pods according to the health of the cocoa tree

Full sun system Intermediate system 1 Intermediate system 2 Shaded system
CS Cl CS CI CS CI CS Cl
P1 534.28+23.63 a 457.08+21.01 b 496.28+26.08 a 413.39+19.21 a 477.78+28.54 a 431.14+23.36 a 501.28+26.73 a 514.5+£31.72 b
Mass of cocoa pods (g) P2 506.69+34.44 a 512.11£22.04 ab 461.0+15.66 a 411.19+13.63 a 467.64+26.55 ab 416.27+18.51 a 482.89+21.89 a 454.72424.11 ab
P3 664.19+27.03 b 580.58+33.13 a 479.92+26.72 a 430.83+25.73 a 432.894+2.057 ab 440.75+18.20 a 463.06+26.29 a 404.52+19.29 a
P4 557.89+£31.52 ab 561.83+23.48 a 552.36+40.32 a 428.33+£27.08 a 528.08+20.13 b 448.72+28.78 a 458.89+24.21 a 476.92+31.64 ab
p 0.001 0.003 0.132 0.89 0.05 0.767 0.604 0.04
P1: Plot 1; CS: Healthy cocoa trees; CI: Infested cocoa trees. Same letters in a same column show no significant differences (Tukey's post hoc test, at 5% threshold)
Table 3. Average number of cocoa beans per pod according to the health of the cocoa tree
Fullsun system Intermediate system 1 Intermediate system 2 Shaded system
CS CI CS CI CS CI CS Cl
Number of cocoa beans Pl | 36.42+1.85a 33.81+1.65a 40.92+0.95 a 37.36£1.34 a 35.58+1.4 ab 38.25+1.22 a 40.94+0.98 b 35.111.97 a
per pod P2 | 38.31+2.01a 39.92+1.19b 36.72+0.88 a 35.78+1.10 ab 38.72+1.08 ab 36.75+1.2 a 32.56+1.57 a 38.67+1.85a
P3 | 40.52+1.24 a 38.81+1.79 ab 39.17+1.29 a 38.11+1.68 a 34.81£1.19 a 36.53+1.15a 39.0£1.48 b 39.22+1.68 a
P4 | 36.69t1.76 a 38.67+1.49 ab 38.30+1.8 a 31.22+1.42b 39.83+1.44 b 33.53+1.77 a 32.17+1.67 a 39.83+1.4a
0.32 0.029 0.141 0.003 0.016 0.101 <0.0001 0.223
P1: Plot 1; CS: Healthy cocoa trees; CI: Infested cocoa trees. Same letters in a same column show no significant differences (Tukey's post hoc test, at 5% threshold)
Table 4. Average weight of fresh cocoa beans in cocoa pod according health of the cocoa tree
Full sun system Intermediate system 1 Intermediate system 2 Shaded system
CS CI CS CI CS CI CS CI
Fresh mass of Pl | 156.67+6.69 a 140.22+7.02 b 150.44+6.11 a 1259174533 a 135.14+9.27 ab 126.3946.1 a 152.72+6.96 b 150.97+8.65 a
cocoa beans () P2 | 143.56+9.38 a 159.39+6.83 ab | 131.47+5.57 a 128.05+4.21 a 137.78+7.58 b 129.08+5.04 a 119.39+6.43 a 132.83+7.53 ab
P3 | 194.97+7.71b 170.36+10.21a | 143.03+7.46 a 125.83+8.01 a 116.81+£5.05 a 132.14+5.12 a 139.44+7.54 ab | 123.22+597b
P4 | 152.8849.62a 167.84+6.86 a 155.06+10.43a | 118.0+6.5a 162.36+6.6 ¢ 122.83+7.85 a 139.08+7.15ab | 151.97+7.85b
p 0.0002 0.033 0.146 0.674 0.0003 0.741 0.011 0.018

P1: Plot 1; CS: Healthy cocoa trees; CI: Infested cocoa trees. Same letters in a same column show no significant differences (Newman-Keuls test, at 5% threshold).
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Table 5. Agronomic parameters of cocoa trees in the fouragroforestry systems

Agronomic parameters Average number Average weight of a Average number of Average weight of fresh Marketable cocoa yield
of cocoa pods / cocoa tree cocoa pod (g) cocoa beans per pod cocoa beans (g) (Kg / ha / year)
Full sun system 12b 542470 37.87 a 16041 b 801.83 b
Intermediate system 1 10.58 ab 475.14 a 37.86a 139.02 a 538.28 ab
Intermediate system 2 9.92 ab 464.79 a 3697 a 135.12 a 422.16 a
Shaded system 8.8la 47039 a 37.07 a 138.59 a 407.88 a
p 0.034 0.001 0.86 0.001 0.021
Same letters in a same column show no significant differences (Newman-Keuls test, at 5% threshold)
Table 6. Agronomic parameters of cocoa trees according to their state of health
Average number of pods / Average weight Average number of cocoa Average weight Density Marketable cocoa yields
Full sun system cocoa tree of a pod (g) beans / pod fresh beans (g) (cocoa / ha)
CS Cl CS CI CS CI CS CI CS CI
12.76+0.85 a 11.53+09b 565.76+15.4 b 527.90+13.18 b | 37.99+0.87a | 37.80+0.79 a 162.02+4.49 b 159.40+4.01 ¢ 1224.3 860.57b 765.04 b
Intermediate system 1| 11.01+£0.94 a 9.55+0.98 ab 497.39£14.42 a 420.94+£10.95a | 38.78+0.65a | 35.62+0.73 a 145.0£3.85a 124.45+3.07 a 1071.52 581.49 ab 432.99 a
Intermediate system 2 10.35+0.71 a 8.840.69 ab 476.6£12.28 a 434.22+11.24a | 37.2440.66 a 36.26+069 a 138.02+3.85 a 127.61£3.05 ab 9243 448.92 a 35291 a
Shaded system 10.1£0.9 a 7.31+0.65 a 476.53+12.38 a 462.67+13.86a | 36.17+0.79a | 38.21+0.88 a 137.66+3.62 a 139.75+3.88 b 977.78 462.22 a 339.62 a
F 1.97 14.63 9.548 14.81 221 2.528 8.28 20.12 5.84 11.23
0.119 0.0037 <0.0001 <0.0001 0.086 0.0565 <0.0001 <0.0001 0.011 0.0008

CS: Healthy cocoa trees; CI: Infested cocoa trees. Same letters in a same column show no significant differences (Newman-Keuls test, at 5% threshold)

In addition, Youbi et al. (2018) showed that cocoa trees grown under shade have lighter cocoa beans
than those grown in full sun.The average masses of fresh beans obtained in the different cocoa
agroforestry systems are higher than the average value of 115 g of fresh beans per cocoa pod
obtained by Babin (2009) following measurements carried out in 2003 and 2004 in different Cocoa
agroforestry systems at Cameroon. This difference in mass could be linked to the many biological
and physiological factors affecting bean weight. These different factors, such as nutritional factors,
are important to determine average weight of a bean (Lachenaud, 1991).The average marketable
cocoa yield from the cocoa farms in the different cocoa agroforestry systems gives values of 407.88
kg / ha, 422.16 kg / ha, 538.28 kg / ha and 801.83 kg / ha per year respectively for systems ranging
from the most shaded to full sun. The quantity of marketable cocoa produced per hectare in the year
is much higher in the full sun system and is almost double the yield produced in the second
intermediate system and the shaded system. This yield dominance of the full sun system can be
explained by cocoa productivity decreases when cocoa is grown under high shade (Braudeau, 1969;
Jagoret, 2011). Indeed, it has been established that excessive shade creates a more humid
microclimate, favoring the proliferation of diseases such as brown rot, which reduces production
(Mossu, 1990; Boulay, 1998). In addition, the higher cocoa density in the full sun system compared
with the other systems could be determining factor in yield increase. The Yields in the differentcocoa
agroforestry systems are higher than the national average (395 Kg / ha / year) obtained by Assiri et
al. (2009) and the average value of 325.85 Kg / ha obtained by kpangui (2015) in central Cote
d'Ivoire. These yields are also higher than the value of 390 Kg / ha / year obtained by Freud ef al.
(2000) and Aguilar et al. (2003). Nevertheless, the yields of the intermediate 2 and shaded systems
are comparable to the national average but lower than that obtained by Valet & Kouamé (2013) in
the periphery of the Tai National Park, which was 455 Kg / ha. The yields recorded in the
intermediate 1 system and full sun system exceeds the average yield obtained in Tai by Valet and

Kouamé. The average yield of 801.83 kg / ha obtained in the full sun system is higher but close to
the average yields of 700 kg/ha observed in some farmers' plantations (Assiri et al., 2009). These
high yields are thought to be linked to study area, which Shelters 28% of Cote d'Ivoire's cocoa
plantation and has the highest yields in Cote d'Ivoire (Kouassi, 2014). In addition, most of the plots
in full sun system are dominated by plantations between 20 and 50 years old. The presence of a
heterogeneous stand due to regular redensification could be one of the reasons for this result (Jagoret,
2011). It could also be due to a stand that has become vigorous over time. According to Youbi et al.
(2018), a stand has become vigorous (deep rooting, high cocoa tree height) is more competitive and
able to use the leached elements from soil at depth, which can improve cocoa tree productivity.

However, the results obtained contradict those of Petithuguenin (1995) and Ruf (1999), who
observed in the west and south-west of the country, cocoa plantations degraded early, after 10 to 15
years of operation, under the combined effect of cultivation in fullsun. Despite the yields above the
national average obtained in the study area, they are much lower than the average marketable cocoa
yield of 2940 kg/ha obtained in Cameroon by Ondoua ef al. (2014) with a density of 1111 plants/ha.
This large difference in yield is thought to be linked to structure of the cocoa plant stand, particularly
the plant material used. It has been established that hybrid cocoa agroforests perform better on
average in terms of potential marketable cocoa yield than agroforestry cocoa plantations based on
local varieties. The results show a yield differential between healthy and infested cocoa trees. The
yield loss is evaluated at more than 95 kg / ha / year in all Cocoa agroforestry systems, and even
approaches 150 kg / ha / year in some Cocoa agroforestry systems, resulting in a loss of income for
producers. These yield losses in the different agroforestry systems are the consequence of the
reduced activity of cocoa trees infested by termites and other pests. The potential yield of a cocoa
farm depends on the average number of pods per cocoa tree and the density of the cocoa trees
(Jagoret, 2011).
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The average number of cocoa pods per cocoa tree is an essential
component in determining yield. However, a plant attacked by pests
has reduced physiological activity. This will result in a reduction in
the number of cocoa pods and, consequently, a drop in cocoa
production.

CONCLUSION

This study highlighted the influence of termite infestations on
marketable cocoa yields in different agroforestry systems. It shows
that the average mass of a cocoa pod is a function of either the mass
of the fresh beans or the mass of the shell of the cocoa pod, and does
not depend on the number of beans. The results also show a yield
differential between healthy and infested cocoa trees. The yield losses
in the different agroforestry systems are result of the reduction in the
activity of cocoa trees infested by termite. The maintaining of cocoa
trees productivity, it would therefore be important to consider
awareness campaigns and appropriate control methods against these
new emerging pests.
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